Abstract The incidence of stroke among younger adults in the United States is increasing. Few studies have investigated the prevalence of depressive symptoms after stroke among different age groups or the extent to which subjective stress at the time of stroke interacts with age to contribute to post-stroke depression. The present study examined whether there exists an age gradient in survivors' level of depressive symptoms and explored the extent to which financial, family, and health-related stress may also impact on depression. Bivariate analyses (N = 322) indicated significant differences in depression and stress by age group, as well as differences in age and stress by 3-month depression status. Linear regression analyses indicated that survivors between the ages of 25-54 and 55-64 years old had, on average, significantly higher depressive symptom scores. Those with financial, family, and health-related stress at the time of stroke, irrespective of age, also had significantly higher scores.
Introduction
The American Heart Association (AHA) estimates that approximately 6.6 million Americans over the age of 20 years old have had a stroke (Mozaffarian et al., 2015) . Stroke can be a devastating disease and one in which psychiatric complications throughout recovery are far too common. Ayerbe et al., (2013) reported that the pooled prevalence of post-stroke depression across 43 studies ranged from 29 to 33 %, depending on the time post-stroke at which symptoms were observed (Ayerbe et al., 2013) . This can be compared with a 12-month prevalence rate for major depression in the general United States (US) adult population of approximately 6.7 % (Kessler et al., 2005) . In addition to being distressing in and of itself, depression after stroke has been shown to contribute to other adverse outcomes, including lack of engagement in rehabilitation activities, longer hospital stays, poor functional recovery, increased recurrence of stroke, and early mortality (Bartoli et al., 2013; Morris et al., 1993; Naess et al., 2010; Pan et al., 2011; Turner-Stokes & Hassan, 2002; West et al., 2010; Wulsin et al., 2012) .
Population-based studies suggest that overall stroke incidence in the US has declined significantly in recent decades (Carandang et al., 2006; Kleindorfer et al., 2010) . Combined with what the AHA characterizes as a ''striking and more accelerated'' (Lackland et al., 2014, p. 315) decrease in stroke mortality in recent years, this trend has led to growing optimism about the intractability of stroke as a top cause of death and disability in the US. However, some research has given rise to questions about whether all individuals, irrespective of age, are represented within these positive trends. For example, Kissela et al. (2012) found that the number of strokes among persons between the ages of 20 and 54 years living in a metropolitan area of A growing body of literature has focused on the experiences and needs of younger stroke survivors. Although authors note that ''a feature of the 'young adult' stroke research is the lack of consensus regarding the definition of the term 'young''' (Lawrence, 2010, p. 241) , studies suggest that younger persons, many of whom may be in their peak years for employment and parenting demands, may experience greater stress which may in turn, increase their risk for depression (Fig. 1) . For example, in Low et al. (2003) analysis of the unmet needs of 135 survivors aged 18-65 years, 33 % of the sample reported that they needed either ''help with finances'' and/or ''family support,'' including assistance with childcare responsibilities (Low et al., 2003) . In fact, the need for family support was significantly greater in the lower age range (40 % among 18-45 year olds vs. 20 % among 46-65 year olds, p = 0.02). These findings are supported by other studies with younger individuals and couples coping with stroke (Banks & Pearson, 2004; Roding et al., 2003; Lawrence, 2010; Lawrence & Kinn, 2012) . Theoretical work by authors such as Bury (1982) and Rook et al. (1989) about the consequences of experiencing an ''off-time'' illness (i.e., one that is typically associated with older age) in midlife also raises the possibility that health-related stress may be greater for younger survivors. To date, however, there have been few empirical studies about this topic.
Complementing our understanding about potential stressors among younger stroke survivors is a well-developed body of literature about the association between stress and depression in non-chronic illness populations (Kessler, 1997; Mazure, 1998; Ronnlund et al., 2013) . Large studies have also documented age differences in rates of depression in the general population and have concluded that younger adults generally experience more depression than their older counterparts. For example, in an analysis of data from the National Comorbidity Survey Replication (NCS-R), Kessler et al. (2010) found a prevalence rate for major depression of between 19.4 and 22.7 % for persons aged 18-64 years, compared with a rate of 9.8 % in those 65 years or older. Interestingly, Kessler et al. (2010) study also found a significantly stronger association between physical disorders and depression in the younger age groups.
Although younger individuals, especially younger stroke survivors, appear to be at higher risk for depression, systematic reviews have not found a uniform relationship between age and incidence of post-stroke depression (Ayerbe et al., 2013; Kouwenhoven et al., 2011; Ouimet et al., 2001 ). At present, we understand little about the association between age, stress, and depression after onset of a chronic illness such as stroke (Hammen, 2005; LauresGore & Defife, 2013) . As Ouimet et al. (2001) suggest, the influence of subjective stress on individuals' developmental experiences with stroke may be one critical missing piece of the puzzle of explaining the exceedingly high prevalence of depression in the stroke population.
At present, the field of stroke recovery is not sufficiently advanced to return all patients back to full health. Although most survivors are offered interventions for improving motor function, less often do they receive assistance with other important matters of reintegration into their poststroke life that can, if not addressed, become significant stressors. If younger persons and those who experience particular stressors do, in fact, experience higher levels of depression, this would be a significant problem from the perspective of these individuals, as well as their spouses, children, and other family members with whom they interact. This would also be a problem from the standpoint of the healthcare system as the onset of depression at a younger age contributes to increased illness burden, more years of lost or reduced productivity, and greater cumulative care-related costs (Berndt et al., 2000; Goetzel et al., 2003; Kessler et al., 2010; Zisook et al., 2007) . In order to provide optimal rehabilitation services, we need to gain a clearer understanding about the dynamic intersection of age, subjective stress, and depression after stroke.
The present study represents a preliminary attempt to determine whether there exists an age gradient in stroke survivors' level of depressive symptoms and to examine the extent to which financial, family, and health-related stress at the time of stroke impacts on depression. Our first hypothesis was that younger persons would experience significantly higher depressive symptoms after stroke, controlling for other known predictors such as history of depression, greater stroke severity, and greater degree of post stroke disability (Hackett & Anderson, 2005) . Our second hypothesis was that baseline financial, family, and health-related stress would be additional independent predictors of depressive symptoms after stroke. Our third hypothesis was that stress would moderate the association between age and depressive Younger age at time of stroke Greater financial, family, and healthrelated stress
Other known predictors: -Premorbid depression -Greater stroke severity -Greater post-stroke disability
Increased risk for depression after stroke 
Methods

Participants and procedure
In 2005, the population-based greater cincinnati/northern kentucky stroke study prospectively enrolled a cohort of 460 ischemic stroke patients from 15 participating hospitals in the study area. Interviews were conducted at baseline (M = 5.07 days from stroke onset) and at 3 months post stroke by study nurses. For 78 patients (24.2 %), at least a portion of the baseline interview was completed by proxy due to the patient being unresponsive, unable to provide reliable information, aphasic, or confused. The same nurse who conducted the baseline interview for a given participant also conducted the 3-month interview. At 3 months post stroke, among the 460 patients enrolled, 33 had died, 35 were unavailable for interview, and 70 provided reduced interviews that did not include the depression outcome measure. The sample for the present study therefore includes 322 survivors for whom 3-month followup data on depression were available. Overall, 267 patients (82.9 %) were living at home at the time of the 3-month interview. All study activities were approved by the Institutional Review Board at all participating institutions.
Measures
Outcome variable
Depressive symptomatology was measured at the 3-month follow-up with the 10-item Center for Epidemiological Studies Depression (CESD-10) scale (Andresen et al., 1994; Irwin et al., 1999) . Patients were asked to respond about how often they had experienced each symptom of depression in the past week, from rarely or none of the time (0) to most or all of the time (3). Thus, total scores for the CESD-10 range from 0 to 30, with higher scores representing higher states of depression. Consistent with previous studies, including studies by the current research team, survivors were considered to be at risk for clinical depression if their CESD-10 score was greater than or equal to 10 (Andresen et al., 1994; Shrout & Yager, 1989; Whooley et al., 1997; Wulsin et al., 2012) .
Predictor variables
Demographic variables at baseline, including sex, race, marital status, level of education, employment status, and age, were determined by self-report. History of depression was based upon a formal diagnosis of depression found in patient medical records. Stroke severity was determined by patient scores on the National Institutes of Health Stroke Scale (Brott et al., 1989) which were estimated retrospectively (rNIHSS; Williams et al., 2000) from patient medical records. Scores for the rNIHSS range from 0 to 42, with a higher score representing a more severe stroke. Degree of disability prior to and immediately post-stroke was measured with the Modified Rankin Scale (mRS; de Haan et al., 1995) . With the exception of 6 (''dead''), the mRS ranges from 0 (''No symptoms at all'') to 5 (''Severe disability; bedridden, incontinent and requiring constant nursing care and attention'').
Subjective financial, family, and health-related stress were measured at baseline with three individual items: (1) ''Do you regularly have trouble paying your monthly bills?''; (2) ''In the week prior to your stroke, how much stress did you feel with regard to family?''; and (3) ''In the week prior to your stroke, how much stress did you feel with regard to health?''. Question 1 required a ''yes'' or ''no'' response, and questions 2 and 3 were measured on a semantic-differential scale of 1 (no stress) to 10 (highest level of stress possible).
Analysis
Survivors were categorized into four age groups according to the groupings used by Kissela et al. (2012; i.e., 25-54, 55-64, 65-74 , and C75 years old) in their study that reported an increase in stroke incidence among younger persons. These groups reflected our interest in stress and depression at different broad stages of life (e.g., survivors who are working vs. not working, with dependent children vs. not, ''young and healthy'' vs. having some experience with previous serious illness) and were also statistically pragmatic. Only six participants were between the ages of 25 (our youngest participant) and 34 years, and 16 participants were between the ages of 35 and 44 years. Combining those 22 participants with the 42 participants who were between the ages of 45 and 55 years into a single group allowed us to have sufficient statistical power to detect differences among age groups across a variety of variables.
Demographics, clinical characteristics, and subjective financial stress at baseline were compared among the four age groups using the Chi square test for categorical variables (sex, race, marital status, education, employment, history of depression, and trouble paying bills) and the Kruskal-Wallis test for continuous variables (rNIHSS, mRS, and family-and health-related stress). Unadjusted proportions of patients at risk for depression at 3-month follow-up were compared among the four age groups using the Chi square test. Similarly, demographics, clinical characteristics, and baseline financial stress were compared between survivors at risk for depression at 3 months versus not using the Chi square test for categorical variables and the Wilcoxon rank sum test for continuous variables.
Linear regression, with 3-month follow-up CESD-10 scores as the dependent variable, was used to identify potential predictors of depressive symptomatology, including sex (with male as the reference group), race (with African-American as the reference group), marital status (with ''married or living with partner'' as the reference group), education (with ''at least high school graduation'' as the reference group), history of depression (with no history as the reference group), stroke severity (continuous), degree of post-stroke disability (continuous), and categorical age (with C75 as the reference group). The effects of the three subjective stress variables at baseline were considered in separate models, as potential modifiers of the effect of age on outcome. For each model, interaction between the age categories and the subjective stress variable was evaluated.
Results
Characteristics of the study sample of 322 ischemic stroke survivors, stratified by age group, are presented in Table 1 . Overall, 13 % of the study sample had experienced depression before stroke, with no significant differences among age groups. However, at 3-months post-stroke, 37 % overall were considered at risk for clinical depression, with significantly higher rates among those in the age groups under 65 years (p = 0.02). Overall, 22 % of the sample reported having trouble paying bills regularly at baseline, with a significantly larger proportion in the younger age groups (p \ 0.01). Survivors in the 25-54 year age group reported significantly higher family stress at baseline compared with other age groups (p \ 0.01). Significant differences by age were also found on the variables of sex, race, marital status, employment status, and pre-and post-stroke mRS.
Bivariate associations between potential predictor variables and depression risk at 3 months are presented in Table 2 . The median age of participants at risk for depression was significantly lower than those who were not (p = 0.02), and the age category proportions differed between depression status groups (p = 0.02). A significantly higher proportion of survivors who were at risk for depression indicated having trouble paying bills at the time of stroke, compared with those who were not at risk (p \ 0.01). Similarly, the median family stress scores were significantly higher for those who were at risk for depression (p \ 0.01), as were the median health stress scores (p \ 0.01). Significant differences by depression status were also found on the variables of depression history and pre-and post-stroke mRS. 
Discussion
The present study investigated three related hypotheses about the association among age, subjective stress, and depression in survivors of ischemic stroke. Regarding our first hypothesis that younger stroke survivors would experience greater depressive symptomatology, we found that those in the 25-54 age group and those in the 55-64 age group experienced significantly higher levels of depressive symptoms. These findings are in accordance with certain studies in stroke (e.g., Paradiso & Robinson, 1998; Robinson et al., 1983) , although they appear to disconfirm others, including multivariable analyses in which age had no effect (e.g., Aström et al., 1993; Berg et al., 2003; Fure et al., 2006; Pohjasvaara et al., 1998) .
One reason for the mixed findings in existing literature may be the coarse, often dichotomous treatment of age as an independent variable in models predicting depression (e.g., using a median split to define two groups; Aström et al., 1993) . Another reason may be that some study samples are restricted, either intentionally or unintentionally, in terms of age (e.g.,\70 years old, Berg et al., 2003) , thereby limiting the variability of age and its potential as a predictive factor. Unlike the present study, which sought to determine age-group-specific levels of symptoms, other studies have conceptualized the association between age and depression as a continuous relationship in which, as a survivor's age increases or decreases by 1 year, his or her risk for depression or severity of depressive symptoms increases or decreases proportionally (e.g., Taylor-Piliae et al., 2013) . This linear approach may lead to erroneous conclusions about the lack of association between age and depression in this population. In fact, the pattern of depression prevalence among the four age groups in our study raises the possibility of a curvilinear effect in which one's risk for depression may be the greatest between the ages of 25 and 54, subside through the remainder of midlife and into early old age, and then increase again in later old age. Future studies should investigate such a curvilinear relationship, as has been found in depression studies with otherwise healthy populations as well as those experiencing unanticipated health-related events (Carlson, 2011; Mirowsky & Kim, 2004; Tuohy et al., 2005) . Studies should also examine more closely the types of depressive symptoms (i.e., cognitive, affective, somatic) experienced by stroke survivors across the lifespan, as research suggests that the nature of symptoms may vary by age (Goldberg et al., 2003) .
Regarding our second hypothesis that baseline financial, family, and health-related stress would be additional predictors of depressive symptoms after stroke, we found dramatically higher rates of each stressor among those who were at risk for clinical depression at 3 months (i.e., CESD score C10) versus those who were not. The linear model indicated that while each subjective stressor exerted significant independent influence on survivor depressive symptoms, financial stress had the most pronounced effect. This finding supports the limited amount of research about subjective stress and depression in the context of a chronic illness including a small study in multiple sclerosis (N = 22) in which subjective stress at ''Time 1'' (M = 4.7 years after diagnosis) was strongly correlated with depressive symptoms 6 months later (Aikens et al., 1997) . At risk for depression at 3 months defined as CESD score C 10. P values for differences between age categories based on Chi square test for categorical variables and Kruskal-Wallis test for continuous variables. All variables measured at baseline, except for 3-month clinical depression. ''Other'' race includes one Asian, one Hispanic, and one American Indian/Alaskan native rNIHSS retrospective National Institutes of Health Stroke Scale, mRS modified Rankin Scale J Behav Med (2016) 39:55-64 59
Our findings also support what we understand about the association between stressors such as economic poverty and depression in otherwise healthy populations (Wittayanukorn et al., 2014) . Moreover, our study adds significantly to existing knowledge by prospectively assessing the impact of specific subjective stressors immediately after diagnosis. Additional research examining how, for example, the perception of financial stress might be different than objective poverty (e.g., ratio of household income to family size, which is often difficult to obtain with a high degree of accuracy, especially among persons with cognitive impairment) would be extremely valuable. It may be that, in terms of one's risk for depression, the perception of financial stress is a simple but adequate indicator of socioeconomic struggle.
We also found associations between family-and healthrelated stress at baseline and depressive symptoms 3 months later. These findings are consistent with the small body of qualitative research that currently exists, as well as the more extensive body of sociological theory, about the struggles experienced by younger stroke survivors and persons who are experiencing an illness that they perceive to be ''off-time'' with their age, life stage, or their expected life course (Bury, 1982; Lawrence, 2010; McCarthy & Bauer, 2015; Rook, Catalano & Dooley, 1989) . The critical contribution of this study is that it quantifies the impact of each specific stressor. Regarding our third hypothesis that younger survivors who reported higher subjective stress would experience the highest level of depressive symptoms, we did not find a significant interaction, thereby suggesting that younger age may not amplify the negative effects of financial, family, and health-related stress. However, we did find very different rates of subjective stress between survivors at each end of the age spectrum (e.g., 39 % of survivors aged 25-54 with financial stress versus 10 % aged 75+), as well as dramatically different rates of each stressor between survivors at risk for depression at 3 months versus not. The lack of a significant interaction between age and subjective stress in the linear models may have been due to the poor sensitivity of our single-item indicators or our inability to control for other known correlates of stress and depressive symptoms. As some research suggests, age-related differences in rates of depression may also be more attributable to biological mechanisms than psychosocial mechanisms such as subjective stress (Fang & Cheng, 2009) .
Taken in their entirety, findings from this study add to what we understand about levels of depressive symptoms among stroke survivors from different age groups and how subjective stress factors into this experience. In addition to being informative for future research on these topics, the present study could also inform interpretation of findings from clinical trials that promote prophylactic treatment with antidepressant medication for aiding stroke survivor physical and psychiatric recovery (Chollet et al., 2011; Niedermaier et al., 2004) . With the potential for serious adverse side effects from many antidepressant medications, it is critical that prescribers be aware of which patient groups may actually require such treatments versus, for example, a watchful waiting approach.
Several limitations must be mentioned. First, the hypotheses for this study are based on the assumption that chronological age can be a reliable indicator of financial, family, and health-related stress after stroke. Although data from this and other studies support this assumption, it would be erroneous to conclude that all younger survivors experience the same age-related challenges and that these challenges inevitably lead to greater stress. Second, basing our outcome variable on self-reported depressive symptoms using the CES-D is less than optimal. Although the CES-D has performed well in studies with chronic illness populations, using a ''gold standard'' such as the clinicianrated Quick Inventory of Depressive Symptomatology (QIDS) for the determination of clinical depression is recommended (Rush et al., 2003) . Similarly, basing our assessment of pre-stroke depression on retrospective chart review could reflect a conservative estimation of the extent of pre-stroke depression in this sample. Although we did require a formal diagnosis, the potential for underestimation raises the possibility that the dramatic change we found in pre versus post-stroke depression (i.e., 13 % pre vs. 37 % post) could be inflated and should therefore be interpreted with caution. Measuring financial, family, and health-related stress with single items is also potentially problematic for drawing firm conclusions about the association between survivor age, subjective stressors, and depression, as is our reliance on proxy reports of these measures for a portion of the sample. However, given the lack of literature available on this topic and the large magnitude of effects we found, the present study serves as a good starting point for further investigation of these issues. Additional studies are needed that are specifically designed to measure these concepts in greater depth and with more precision. Finally, it is possible that all confounding factors may not have been controlled for in our models. However, we did control for known predictors such as history of depression, stroke severity, and poststroke disability. This study calls attention to the fact that younger persons and those experiencing financial, family, and healthrelated stress, may experience higher levels of depressive symptoms after stroke. These findings are particularly meaningful given the evidence that stroke, as well as the aftermath of stoke, is becoming increasingly prevalent among younger adults.
